A fast computer program, GP,ID3C, has been developed to generate multilevel three-dimensional. C-type, periodic, boundary conforming grids for the calculation of realistic turbomachinery and propeller flow fields. The technique is based on two analytic functions that conformally map a cascade of semiinfinite slits to a cascade of doubly infinite strips on different Riemann sheets. Up to four consecutively refined three-aimensional grids can be automatically generated and permanently stored on four different computer tapes.
Nevertheless, an 0-type grid provides for accurate discretization of arbitrarily blunt leading and trailing edges and requires a minimum number of grid points. A combination of an 0-type grid in the upstream region and an H-type grid in the downstream region creates a C-type grid. This type of grid provides for a good treatment of all boundary and periodicity conditions including wake treatment and supersonic exit flow, although it lacks an adequate resolution at upstream infinity ( fig. 1 ).
In turbomachinery and rotorcraft flow field calculations the flow field is periodic and a geometrically periodic grid provides for a simple and accurate way to enforce the flow periodicity. The simplest and fastest way to generate nonorthogonal periodic grids is to avoid time-consuming techniques based on the numerical solution of sets of partial differential equations whenever pos- 
Cylindrical coordinates (x,re) are interpolated at r = constant spanwise locations, thus defining blade cross sections on r = constant cylindrical surfaces.
On the other hand, realistically shaped hubs and ducts are not doubly infinite circular cylinders but axisymmetric surfaces. Therefore, the intermediate surfaces are also axisymmetric and not cylindrical. Nevertheless, the same grid generation technique can be used if a simple nonorthogonal shearing (or normalization) and stretching of the radial coordinate ( fig. 3 ) is performed. Nonorthogonal (unidirectional) shearing of the r coordinate converts the axisymmetric surfaces into cylirdrical surfaces defined by R -constant.
Let subscripts H,T, and 0 designate R -constant surfaces corresponding to hub,blade tip, and duct (or outer free boundary) location, respectively. Also let the normalized radial coordinate be defined as
The radial coordinate in the hub-to-tip region is stretched and sheared with the following function
The following value was obtained from experience
The stretching parameter, A, gives best results if 0.12 > A > 0.0
When A = 0, the cylindrical cutting surfaces R = constant are equidistantly spaced from hub to tip. Let the normalized, sheared radial coordinate in the region between the blade tip and the duct (or outer radial boundary) surface
The stretching function for the tip-to-duct domain is chosen to be
This function must have the same slope, q, at the location R = 1 as the stretching function in the domain between the hub an6 the tip (eq. 5). Frequently, the input points are not clustered in the same regions on each input plane. Moreover, the number of input points defining the blade cross section on each input plane can vary from one input plane to the next. To accurately determine intersection contours between the blade surface and the axisymmetric surfaces, the corresponding input points must be located at the same percentage of the blade chord length on each input plane. Implicitly, this means that the number of input points must be the same on all input planes. Therefore, these input points must be appropriately redistributed on each input plane. This redistribution can be performed with respect to the input airfoil contour coordinate defined as
Then the input Cartesian coordinates can be expressed in terms of the input airfoil contour coordinates. Coordinate s is measured clockwise around the input airfoil contour, starting and ending at the trailing edge point. As it was stated earlier, the number of contour points on the pressure surface must be the same as the number of contour points on the suction surface. For nonsymmetric airfoils the lengths of these two contour lines are generally not the same. Let ITS denote the trailing edge point on the suction side and ITP denote the trailing eGge point on the pressure side of the input airfoil.
Also, let LE denote the leading edge, that is, the point that is farthest from the trailing edge. The normalized surface coordinate is defined as
L SITP
The redestribution of input points is performed with the following stretching function
where the exponent B should satisfy 1.4 > B > 1.0
When B = 1 the points are equidistantly spaced along the airfoil contour. The points along the pressure surface are redistributed by using the formula
x w = x EX -xTE
(22)
where and the points along the suction surface are redistributed by using the formula
This redistribution of input coordinates x and y is performed with a cubic spline fitting applied in the s direction. interpolation is performed at S locations. Spline fitting and interpolation are also used with respect to the R coordinate in order to find the points on intersection contours between the blade surface and the intermediate axisymmetric surfaces. Locations of those points in the physical space will not be altered with the subsequent mappingremapping procedure.
The exact shape of the wake of arbitrary thickness is not known a priori.
To eliminate the need for specifying the location of the wake in the preparation of the input, the shape of the wake centerline is automatically generated by using the simple polynomial expression
Here the trailing edge point coordinates are
and
The point where the wake centerline intersects the downstream-infinity cutoff 
where t is the local blade chord. The periodic grid points located in the wake region are redistributed by using the expression
where MAXXP denotes the last point on the upper surface of the wake. The stretching coefficient, f, is determined also from the experience as 0.10>f >0.05 (37)
Because only a finite length of the wake is conformally mapped from the w plane into the u plane, the deformed strip in the u plane has a finite length. The shape of the end wall boundaries in the u plane are determined so that they meet the lower boundary of the strip in the u plane almost orthogonally ( fig. 8) . Consequently, grid orthogonality is well preserved at the wake. Coordinates of the grid points inside the strip in the u plane are de-
and Deformed circle corresponds to the realistic airfoil shape.
2.
OF POOR QUALITY 12. -Effect of controlled grid clustering. Grid points can be easily rated in the regions of leadinq and trailing edges as well as closer to face of the airfoil and its wake.
I OO a 13 QUAD Ty ORION:IAL rPAGZ IS OF POOR QUALITY Figure 13 . -Elements of a three-dimensional. C-type, periodic grid generated by GRIU3C code for a geometry consisting of a rectangular u p swept wing M ached to a circular cylinder. Note deteriorating grid quality in the far u, , -stream region. Only every fourth cylindrical surface is shown. oi^lG r . PAGE IS QF Pt^OR QUALITY Fiqure -Another view of the same prep fan grid generated by GRI03C shows more clearly the axisyunetric shape of the propeller hub surface.
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